WHO IS AFRAID OF CENTRIFUGAL FORCE? DOMENICO BERTOLONI MELI

Indiana University
Over the last few decades several historians have investigated the contributions by Robert Hooke and Isaac Newton to the mathematization of motion under central forces and to the development of the theory of gravitation. Newton's early manuscripts reveal that he had considered the possibility that terrestrial gravity may extend as far as the moon and solar attraction to the planets already from the late 1660s. This was an important first step towards the theory of universal gravitation. Moreover, by combining the expression for the outward tendency, which following Huygens' 1673 Horologium oscillatorium became known as centrifugal force, and Kepler's harmonic or third law of planetary motion, Newton had envisaged that both terrestrial gravity and solar attraction would be inversely as the square of the distance, on the assumption that centrifugal force would follow a similar rule as gravity and solar attraction. 82 Analogous views were later aired among the London mathematicians Christopher Wren, Edmond Halley, and Robert Hooke. 83 In view of Newton's very early speculations, it seems hard to defend a substantive role for Hooke's in the development of Newton's views towards universal gravity. Therefore my main concern here is with Hooke's analysis of curvilinear motion, since this appears potentially to have been his chief contribution to the debate. As Hooke put it to Newton on 24 November 1679, after having asked for objections to his speculations:
And particularly if you will let me know your thoughts of that of compounding the celestiall motions of the planetts of a direct motion by the tangent & an attractive motion towards the centrall body.
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A few weeks later Hooke reiterated a similar view about the composition of curvilinear motion, adding a rather dubious comment on the relationship between speeds of descent and distances:
It now remaines to know the proprietys of a curve Line (not circular nor concentricall) made by a centrall attractive power which makes the velocitys of Descent from the tangent Line or equall straight motion at all Distances in a Duplicate proportion to the Distances Reciprocally taken. 85 Many recent and less recent studies on the debate between Hooke and Newton on the trajectory of a falling body and more generally curvilinear motion are based on some tacit assumptions, which in my opinion do not stand close scrutiny; consequently the respective roles of Hooke and Newton in the analysis of curvilinear motion need to be reassessed. Briefly put, the tacit assumptions imply that there is a correct approach for dealing with circular, or more broadly curvilinear, motion dispensing with centrifugal force; that Hooke had the correct approach whereas Newton did not; that on learning from Hooke the correct way of dealing with curvilinear motion, Newton abandoned his erroneous, or at least confusing, approach and adopted the right one; and that a satisfactory conceptual clarification precedes the mathematical solution to the problem of orbital motion. For example, in his classic monograph on seventeenth-century mechanics Richard Westfall states:
In the mechanics of circular motion, Hooke's suggestion was of capital importance, slicing away as it did the confusion inherent in the idea of centrifugal force and exposing the basic dynamic factors with striking clarity.
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Yet the assumption that there is one correct way of dealing with curvilinear motion and that this excludes centrifugal force is problematic. This assumption is not correct, since it is perfectly legitimate both to use and not to use centrifugal force depending on the reference frames one adopts. But this is not the key issue here. Rather, what is historically significant is that in the last few decades of the seventeenth century we witness a plurality of ways to deal with curvilinear motion, some including and some excluding centrifugal force. In order to examine these matters, it is helpful to discuss Hooke and Newton's respective views before the beginning of their exchange in November 1679.
